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ABSTRACT

BACKGROUND Percutaneous balloon aortic valvuloplasty (BAV) is an effective method of treatment for
aortic stenosis in children.

AIMS  This study aimed to assess the long-term results of BAV in various age groups in the pediatric population.
METHODS This retrospective study included 68 patients (newborns, infants, and children older than 1 year).
We analyzed their demographic data and measurements performed with the use of cardiac catheterization,
angiography, and echocardiography at 3 time points: before, directly after, and at late follow-up after BAV,
including the invasive aortic valve peak-to-peak systolic pressure gradient (PG,,,), maximum systolic
pressure gradient (PG,,,,) by Doppler echocardiography, and the severity of aortic regurgitation (AR). Long-
-term follow-up data were available for 57 patients.

RESULTS  The BAV procedure led to a significant reduction in the PG, values. Late follow-up revealed
a progression of AR. Aortic regurgitation of grade 2 or higher directly after BAV was the strongest risk factor
for severe AR at late follow-up. After 5, 10, and 18 years after BAV, surgical treatment was not required in 90%,
77%, and 59.5% of patients, respectively. Severe AR and a residual PG less than 35 mm Hg at late follow-up were
stronger risk factors for aortic valve surgery than moderate AR and PG higher than or equal to 35 mm Hg.
CONCLUSIONS Balloon aortic valvuloplasty is an effective method of treatment for aortic stenosis in
children, which delays the need for surgery. The progression of AR occurs at late follow-up. A greater
reductionin PG__ isarisk factor for at least moderate AR directly after BAV, which results in the progression

max

of AR at late follow-up.

INTRODUCTION Congenital aortic stenosis
(AS) is the most common form of left ventricu-
lar outflow tract obstruction (accounting for 2%
to 6% of all congenital heart defects)." Percuta-
neous balloon valvuloplasty (BAV) is an estab-
lished method of treatment for AS with proven
efficacy in children.”? However, at late follow-up
after BAV, worsening of the patient’s hemody-
namic status is observed. It is therefore justified
to examine factors that affect the need for and
the timing of surgical treatment at late follow-up.

In this article, we present the results of
20-year single-center experience with percuta-
neous treatment of AS in children.
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The aim of our study was to assess the long-
-term results of BAV in the treatment of AS in
terms of reducing the systolic pressure gradi-
ent (PG) across the aortic valve, the presence of
postprocedural aortic regurgitation (AR), and
factors affecting the development of severe AR
and the need for valve surgery at late follow-up.

METHODS We conducted a retrospective analy-
sis of 68 patients divided into 3 age groups (new-
borns, infants, and children older than 1 year)
who had undergone BAV for AS in our tertiary
referral cardiology center. Long-term follow-up
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WHAT’'S NEW?

The optimal management of patients with congenital aortic valve stenosis is
a challenge for modern pediatric cardiology. Percutaneous balloon aortic
valvuloplasty (BAV) is widely used as a primary treatment in children with
aortic stenosis. Many reports show the immediate outcome of percutaneous
BAVin children with aortic stenosis. Our study is one of the few works showing
the long-term results of this procedure. It indicated that, in order to obtain
the longest possible period for aortic valve surgery, we should not try to reduce
the pressure gradient (PG) below 35 mm Hg during the procedure. We found
outthat severe aortic regurgitation (AR) and a residual PG less than 35 mm Hg
atlate follow-up were stronger risk factors for cardiac surgery than moderate
ARand a PG higher than 35 mm Hg. Moderate regurgitation occurring directly
after BAV appeared to be the strongest risk factor for the development of
severe AR at late follow-up.

data were available for 57 patients. Clinical data
were obtained for the period from establishing
the patient’s eligibility for BAV to the endpoint
defined as the date of the most recent cardiovas-
cular examination, aortic valve surgery, death,
or the patient turning 18 years of age.

We analyzed patients’ demographic data, mea-
surements obtained during cardiac catheteriza-
tion and angiography, and parameters assessed
by echocardiography at 3 time points: before BAV,
directly after BAV, and at late follow-up after
BAV. The invasive assessment of the aortic valve

peak-to-peak systolic pressure gradient (PG,_,)
was performed before and just after BAV. Echo-
cardiography was used to evaluate the morphol-
ogy of the aortic valve, the diameter of the aor-
tic annulus, the ratio of the balloon diameter
to the aortic annulus diameter (the balloon-to-
-annulus ratio), left ventricular size and func-
tion by ejection fraction, the maximum LV-Ao
systolic pressure gradient (PG__ ), and the sever-
ity of AR (on a 4-point grading scale).

Statistical analysis The following statistical
methods were used for data analysis: the t test,
the Mann-Whitney test, the Shapiro-Wilk
test, the nonparametric x? test, and the Krus-
kal-Wallis test in the analysis of variance (ANO-
VA). The hypotheses were tested at a significance
level of 0.05. The Kaplan—Meier curves were used
for survival times for various endpoints, and
the log-rank test was used to compare them.
Multivariate logistic regression analysis was
conducted in order to determine risk factors
for the need of surgery. Odds ratios with the re-
spective 95% Cls were provided for each predic-
tor. Statistical calculations were performed us-
ing the Statistica software, version 13.1 (Tibco,
Palo Alto, California, United States).

The study was approved by the local ethics
committee.

TABLE1 Characteristics of the study population: invasive hemodynamic and echocardiographic data obtained before and after balloon aortic

valvuloplasty

Parameter

Overall (n=68)

Newborns (n = 44)

Infants (n=17)

Childrenatage>1y(n=7)

Age, median (range) 17.5 (1-5479) d 8.4(1-30)d 75(30-165) d 13(1-15)y
Weight, kg, median (range) 3.7(2.4-90) 3.5(2.4-4.7) 4.6(2.9-6.8) 54.5(22-90)
Male sex, n (%) 44(64.7) 32(72.7) 9(52.9) 3(42.8)

PGy’ MM Hg, Before BAV

eak !

67.6 (19.1); 20-122

64.6 (14.9); 20-102

69.6 (24.7); 30-120 81.8(23.3); 56-122

mean (SD); range )
Immediately after BAV

24(10.9); 5-55

22.8(9.7); 5-55

21.6(9.9); 9-40 37(12.8); 22-55

Pvalue <0.001 <0.001 <0.001 0.017
PGpeak reduction >50% of the pre-BAV 80.9 84.1 82.4 57.14
value, %
PG,,,,> mmHg, Before BAV 70.86(20.9); 5-120  67.95(20.4); 5-100  70.24(20.8); 25-100 90.71(15.9); 70-120
mean (SD); range
Immediately after BAV 29.5(11); 10-76 28.63(11.4); 10-76  28.24(7.6); 18-43 38.1(13.2); 15-52
Pvalue <0.001 <0.001 <0.001 0.023
AR, n (%) AR grade <1 before BAV 20(29.4) 9(20.45) 7(41.2) 4(57.1)
AR grade >3 immediately 1 (1.5) 1(2.3) 0 0
after BAV
AR grade >3 at follow-up  19(33.4) 13(38.2) 5(31.2) 1(14.3)
Pvalue <0.01 - - -

a During catheterization
b On Doppler echocardiography

Abbreviations: AR, aortic regurgitation; BAV, balloon aortic valvuloplasty; PG, peak-to-peak systolic pressure gradient; PG, maximal instantaneous peak systolic gradient
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RESULTS Patients who were considered eligi-
ble for BAV included those with severe or critical
AS and those with moderate AS who also exhib-
ited signs of left ventricular hypertrophy, cardi-
ac arrhythmias, or signs of low cardiac output.
The BAV procedures were carried out under
general anesthesia with endotracheal intubation,
via the right common carotid artery or femoral
artery access. The procedure was monitored by
fluoroscopy and transthoracic echocardiography,
using the parasternal left ventricular long-axis
and subcostal views. The balloon diameter was
sized for the aortic valve diameter determined
on angiography with an up to 1:1 ratio.
Detailed patient characteristics are shown in
TABLET. A total of 71 BAV procedures were carried out
in the overall population of 68 patients (with 3 pa-
tients having undergone 2 procedures in the giv-
en time interval). A total of 16 patients (23.5%;
newborns and infants) were also diagnosed with
other cardiovascular defects, such as atrial sep-
tal defect, ventricular septal defect, coarctation
of the aorta, mitral stenosis, pulmonary stenosis,
and congenital anomalies in other organ systems.
The immediate results of the procedures and
the data obtained during cardiac catheteriza-
tion and echocardiography are summarized in
1aBLE1. Following the BAV procedure, a significant
decrease in the PG, values was observed in
the overall population and in the individual age
groups. In 62 patients (91.2%), PGpeak did not ex-
ceed 50 mm Hg immediately after the procedure,
whereas it persisted at a level above 50 mm Hg
in the remaining 6 patients (8.8%). A decrease in
PG,,,, of 50% or greater compared with the base-
line value was achieved in 80.9% of all treated
patients, including 81.1%, 82.4%, and 57.14%
of newborns, infants, and children older than
1 year, respectively. The percentage reduction
in PG, did not differ between the individu-
al age groups.
No grade 4 AR was observed after the proce-
dure in any patient. Aortic regurgitation on post-
procedural echocardiography was revealed in 65

patients (94.1%), including 42 (61.8%) with grade
1 AR, 22 (32.3%) with grade 2 AR, and 1 patient
(1.5%) with grade 3 AR. Three patients under-
went another BAV procedure within 2 to 42 days
following the initial intervention, with resteno-
sis being the reason in 2 patients and an inade-
quate result of the initial procedure in 1 patient.

Procedural complications were observed in
14 patients (20.6%), 60% of which were related
to vessel cannulation, and the remaining 40%
to arrhythmias and damage to cardiac struc-
tures. There were no intraprocedural deaths.
A total of 11 patients died within 15 hours to 7
months after BAV, including 4 persons who died
after cardiac surgery for coexisting cardiac de-
fects or after surgical aortic valve commissur-
otomy preceded by unsuccessful balloon valvu-
loplasty (endocardial fibroelastosis). The medi-
an (range) postprocedural survival was 49 (19—
122) days. Multivariate retrograde logistic re-
gression analysis showed that risk factors for
mortality prior to BAV included: lower z score
for the left ventricular internal end-diastolic di-
ameter (P = 0.02; odds ratio [OR], 0.14); lower
z value for the aortic valve diameter (P = 0.01;
OR, 0.18), impaired left ventricular (ejection
fraction) systolic function (P = 0.04; OR, 184),
and mitral valve regurgitation of at least grade
2 (P =0.04; OR, 174).

In the remaining 57 patients, the late follow-
-up was continued until 1 of the endpoints was
achieved. The mean (SD) duration of follow-up
in the overall study population was 95.2 (74.4)
months (median, 82 months).

The mean (SD) PG___at late follow-up (mea-
sured during the most recent cardiovascular ex-
amination) was 34.2 (14.6) mm Hg in the overall
study population and was significantly (P = 0.015)
higher than PG__ directly after the procedure.
The mean (SD) PG__ values at late follow-up in
the individual age groups were also higher than
those measured directly after the procedure:
35 (15.7) mm Hg, 30.2 (12.8) mm Hg, and 39.3
(10.1) mm Hg in newborns, infants, and children
older than 1 year, respectively. The difference was

significant in the group of newborns (P = 0.006)

100 yet not in the remaining 2 groups (infants and

80 4 P=0.015 P=0.006 P=0.64 P=075 childre? older than 1 year; P = 0.64 and P =.0.7.5,
o respectively) (FIGURE1). At late follow-up, no signif-
c 60 e T icant differences in PG __ between the individual
E_X D ' - ; - age groups were observed (P = 0.11). Left ventric-
- 401 i - : - - g E ﬁ ular systolic function assessed by conventional
* 20 - : - : E - : — echocardiography (ejection fraction) was normal

- ‘ a0 ; - in all patients at long-term follow-up.

0 T — : : T — T r We analyzed factors that affected PG__

1 2 1 2 1 2 1 2 at late follow-up by assessing the parameters

All patients Neonates Infants Children listed in TaBLE2 for 2 subgroups of patients: those

atage>1y withaPG__ less than 35 mm Hg and those with

aPG__ of 35 mm Hgor higher. The proportion of

FIGURE1 Comparison of instantaneous peak systolic Doppler gradient measurements
immediately after balloon aortic valvuloplasty (1) and at long-term follow-up (2) in children
Abbreviations: PG__, instantaneous peak systolic gradient

patients with severe AR occurring directly after
the procedure in the first subgroup was signifi-
cantly (P = 0.04) higher than that in the second

max’
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TABLE2 Factors affecting the instantaneous peak systolic Doppler gradient value at long-term follow-up after balloon aortic valvuloplasty

Parameter Patients with Patients with Pvalue

PG, ., =35 mm Hg (n = 26) PG,,,, <35 mmHg (n=31)

max —

Age group, % Newborns 61.6 58.1 0.19
Infants 19.2 35.5
Children 19.2 6.4
atage>1y

PG,,,, before BAV, mm Hg, mean (SD); range 77.84 (17.4); 42-120 71.3(18.2); 25-120 0.21

AR immediately after BAV, % Grade >2 23.1 48.4 0.04
Grade <2 76.9 51.6

Aortic annulus z score at BAV, median (range) -0.14 (-1.79 to 1.34) -0.28 (-4.79t0 2.75) 0.89

Aortic valve morphology, % Two-leaflet 57.7 774 0.11
Other 423 226

LVEF before BAV, % <64% 23.1 38.7 0.2
>64% 76.9 61.3

B/A ratio?, mean (SD); range 0.92 (0.08); 0.66-1.01 0.93(0.05); 0.85-1 0.58

Reduction in the pre-BAV PG, value, % >50% 69.2 74.2 0.67
<50% 30.8 25.8

AR at long-term follow-up, % Grade >2 19.2 45.2 0.03
Grade <2 80.8 54.8

a Theratio of diameters measured on angiography

Abbreviations: B/A, balloon-to-aortic valve annulus; LVEF, left ventricular ejection fraction; others, see TABLE 1

one. We also showed a significantly (P = 0.03)
higher proportion of patients with AR of grade
lower than 2 in the most recent assessment in
the subgroup with a PG___equal to or higher
than 35 mm Hg. The comparative analysis of oth-
er parameters listed in TABLE2 showed no signifi-
cant differences between the subgroups.

At late follow-up, AR (grade 1, 2, 3, or 4) was
08 observed in 98.2% of the patients, with 33.4%
having severe AR. The proportion of patients
with severe AR during the examination preced-

ing the achievement of an endpoint differed sig-
06 1 u nificantly from the proportion of those with se-
vere AR directly after the procedure (P <0.01).
Severe AR was observed in 25%, 34%, and 37%
04 - of the patients 5, 10, and 18 years after BAV, re-
spectively (FIGURE2).

We analyzed the factors affecting the develop-
ment of severe AR during the long-term follow-
0.2 1 — Without AR grade 23 up for 2 categories of patients: 19 patients with
— Without the Ross procedure severe AR and 38 with AR of grade 2 or higher.

The parameters and their categorization are pro-
0 . . . . . . . . . vided in TBLE3. We found significant differences be-

0 24 48 7 9% 120 144 168 192 216 tween the groups regarding the proportion of pa-
tients with AR occurring directly after BAV (cate-
gories: grade 22 AR and grade <2 AR) (P = 0.003),
the proportion of patients with a residual PG___
FIGURE2 Kaplan-Meier curves showing the probability of survival without significant directly after BAV (categories: PG___>35mm Hg
(grade >3) aortic regurgitation (AR) and without surgical reintervention after balloon aortic and PGpeak<35 mm Hg) (P = 0.04), and the mean
valvuloplasty (BAV) in the entire study group balloon-to-annulus ratio (P = 0.03).

Probability of survival

Time after BAV, mo
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TABLE3 Factors affecting the significant grade of aortic regurgitation at long-term follow-up after balloon aortic valvuloplasty

Parameter Patients with AR of grade <2 (n=38)  Patients with AR of grade >2 (n=19)  Pvalue
Age group, % Newborns 55.3 68.4 0.43
Infants 28.9 26.3

Children 15.8 53
atage>1y
PG,,,, before BAV, mm Hg, mean (SD) 70.75 (22.4) 71.42(17.22) 0.87
PG,,,, immediately after BAV, % >35mmHg  34.2 10.5 0.043
<35mmHg  65.8 89.5
Aortic annulus z score at BAV, median (range) -0.28 (-1.22t0 0.78) -0.16 (-0.9t0 0.64) 0.49
Aortic valve morphology, % Two-leaflet  63.2 78.9 0.22
Other 36.8 211
LVEF before BAV, % <64% 237 421 0.22
>64% 76.3 57.9
B/Aratio, mean (SD); range 0.92(0.06); 0.66-1 0.95(0.04); 0.88-1.01 0.03
Reduction in the pre-BAV PG, value, % >50% 65.8 84.2 0.14
<50% 342 1.8
AR immediately after BAV, % Grade >2 237 63.2 0.003
Grade <2 76.3 36.8

Abbreviations: IQR, interquartile range; see TABLES 1and 2

Surgical treatment of the aortic valve (the
Ross procedure or the Ross—Konno procedure)
at various time points after BAV was required
in 15 patients, including 3 in whom the opera-
tion was needed because of aortic valve damage
secondary to infectious endocarditis. In all pa-
tients, AR was an indication for surgery. There
were no complex heart defects in the operat-
ed group. The mean time from BAV to surgical
treatment was 6.6 years (range, 0.5-16 years) in
the overall population, 6.8 years in the group of
newborns, and 7.3 years in the group of infants.
In 1 patient who underwent BAV at the age below
1 year surgery was performed after 30 months.
Of the 15 patients who subsequently underwent
surgery, 9 had undergone BAV as newborns, 5 as
infants, and 1 at the age below 1 year. Surgical
treatment of the aortic valve was not required
in 90%, 77%, and 59.5% of the patients after 5,
10, and 18 years after BAV respectively (FIGURE2).
Considering the division into age groups (new-
borns and the remaining patients), aortic valve
surgery 18 years after BAV was not required in
40% and 64% of the study patients, respective-
ly. The difference between these 2 groups did
not reach significance (P = 0.62 in the log-rank
test) (FIGURE3A).

In order to identify risk factors affecting
the need for cardiac surgery, we performed
the univariate analysis of the parameters listed
in T8LE4 and compared the Kaplan-Meier curves
for PG___and AR in the subgroup of patients who
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did not require surgery. We showed significant
differences between the subgroups (patients op-
erated on versus those not requiring surgery) in
the proportion of patients with severe AR direct-
ly after the procedure (P = 0.005) and in the pro-
portion of severe AR at late follow-up (P <0.001)
(TaBLE 4, FIGURE 38 and 30). The groups of patients op-
erated on and those who did not require surgery
were compared for PG__ at late follow-up in 2
categories: PG__ less than 35 mm Hg and PG-
e €qual to or higher than 35 mm Hg (FIGURe 3D).
The proportion of patients with a PG__ less than
35 mm Hg significantly differed between pa-
tients operated on and those who did not re-
quire surgery (80% vs 45.2%; P = 0.02). The dif-
ference in the balloon-to-annulus ratios between
the groups was borderline significant (P = 0.05).
The remaining parameters listed in TABLE4 did not
significantly differ between the groups.

In patients undergoing surgery, the mean (SD)
PG__ at late follow-up was 32.2 (15.6) mm Hg
and did not differ from that noted in those who
did not require surgery (P = 0.2).

Multivariate analysis, by backward logistic re-
gression, revealed that risk factors for the need
for surgery included AR of grade higher than 2
at late follow-up (P <0.001; OR, 1000), a PG__,
less than 35 mm Hg at late follow-up (P = 0.01;
OR, 810), and a PG greater than 35 mm Hgdi-
rectly after the procedure (P = 0.007; OR, 127).
No significance was shown for age at BAV and
the balloon-to-annulus ratio.
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FIGURE3 Kaplan-Meier curves showing the probability of survival without surgical reintervention (log-rank test) after balloon aortic valvuloplasty (BAV) for
particular age groups (A), patients with aortic regurgitation (AR) of grade >2 immediately after BAV (B), patients with AR of grade >2 at long-term follow-up (C), and
patients with PG, >35 mm Hg at long-term follow-up (D)

TABLE4 Selected factors noted in the operated and nonoperated groups of patients at long-term follow-up after balloon aortic valvuloplasty

Parameter Nonoperated group (n = 42) Operated group (n = 15) Pvalue
Age group, % Newborns 59.5 60 0.69
Infants 26.2 33.3
Childrenatage>1y 14.3 6.7
PG,,,, before BAV, mm Hg, mean (SD); range 76.26 (18.36); 25-120 68.7 (16.45); 42-100 0.16
PG,,,, immediately after BAV, mm Hg, mean (SD); range 28.66 (9.05); 13-50 30.4(10.1); 20-52 0.62
PG,,,,at long-term follow-up, mm Hg, mean (SD); range 34.8 (14.4); 5-76 32.2(15.6); 20-85 0.2
PG,,,, at long term follow-up, % <35 mm Hg 45.2 80 0.02
>35mm Hg 54.8 20
AR at long term follow-up, % Grade >2 1.9 93.3 <0.001
Grade <2 88.1 6.7
AR immediately after BAV, % Grade >2 30.5 66.7 0.005
Grade <2 69.5 333
Reduction in the pre-BAV PG value immediately after BAV, %, mean 60.16 (14.67); 20-81.2 53.7(17.8); 0-70 0.15
(SD); range
LVIDd z score at long-term follow-up, median (range) 1.95(-0.8t0 6) 2.68 (-2.18t0 8.34) 0.75
Aortic annulus z score at BAV, median (range) -0.13(-1.97t0 2.75) 0.15(-1.31t0 2.32) 0.41
LVIDd z score at BAV, median (range) 0.25(-2.26 t0 6.67) 1.29 (-0.78t0 6.32) 0.07
LVEF at BAV, %, mean (SD); range 68.45 (13.05); 25-90 64.2(13.71); 40-86 0.28
B/A ratio, mean (SD); range 0.92 (0.06); (0.66-1) 0.96 (0.05); (0.88-1.01) 0.05

Abbreviations: LVIDd, left ventricular internal end-diastolic diameter; others, see TABLES 1and 2
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DISCUSSION While the immediate results of
percutaneous treatment for AS are well docu-
mented in numerous studies,’’ only a few re-
ports provide the analysis of the long-term
outcomes.?*>?'" Moreover, fetal aortic balloon
valvuloplasty for congenital AS may preserve
the intrauterine progression into hypoplastic
left heart syndrome.® We presented long-term
results of treatment for AS in children and ana-
lyzed factors affecting these results in a group of
68 patients. Our study, in line with the findings
achieved by other authors, confirmed good effec-
tiveness of BAV in reducing PG across the aor-
tic valve directly after the procedure in all age
groups.**1016 The severity of AR assessed direct-
ly after the procedure was mostly moderate in
98.5% of patients and severe only in 1 patient.
The published studies reported severe AR di-
rectly after the procedure at rates ranging from
0% to 40%, depending on the grading scale (a
3- or 4-point scale), assessment method (angio-
graphic or echocardiographic), definition of se-
vere AR (grade 22 or grade 23), and timing of
the procedures.?10.1217-20

A total of 22% of the study patients treated
with percutaneous BAV developed procedure-
-related complications. This rate is similar to
the rates reported by other authors.>'%"? Most
complications (60%) involved the arteries used
during the procedure. An overwhelming ma-
jority (71.4%) of the complications occurred in
the newborns. Other authors also reported much
higher complication rates in the youngest pa-
tients, mainly newborns.?'0

During the echocardiographic examination,
PG at the last follow-up visit was higher than
just after BAV, but it appeared to be significant
only in newborns. An increase in the LV-Ao sys-
tolic PG after BAV was reported.® 22133

Other studies emphasized the high incidence
and progression of aortic valve dysfunction
at late follow-up after BAV.23:6.24.2 We found
a significant difference in the proportion of pa-
tients with severe AR between the late follow-
-up time point and the time point directly af-
ter the procedure (33.4% vs 1.5%). This con-
firms the progressive nature of postprocedur-
al AR, because the study demonstrated that
the proportion of patients with severe AR in-
creased over the long-term follow-up period
after the percutaneous procedure. Based on
the Kaplan-Meier survival curves, patients are
at the highest risk of AR progression within
the first 5 years after the procedure.

Balmer et al,’ evaluating patients during
a follow-up longer than 2 years after BAV, dem-
onstrated a significant increase in the number
of patients with moderate-to-severe AR: from
25% to 50% in those who underwent the proce-
dure at the age below 3 months, and from 10% to
39% in those treated at the age of over 3 months.
They also found that the age at BAV did not affect
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the progression of AR during follow-up after
the procedure.

Progression of AR was also reported by
McElhinney et al,” who found moderate-to-
-severe AR in 35% of the patients 5 years af-
ter BAV.

Our study showed that AR of at least grade 2,
occurring directly after the procedure, is
the strongest factor contributing to the de-
velopment of severe AR at late follow-up after
BAV. The risk factors also include a reduction
in LV-Ao PG to less than 35 mm Hg on echocar-
diography directly after the procedure. We also
showed the development of severe AR to be re-
lated to the balloon size used during the proce-
dure: a larger balloon-to-annulus ratio (but not
exceeding 1:1) was observed in the subgroup of
patients who had developed severe AR. Alarg-
er balloon used during the procedure—while
helping to reduce PG more effectively—also
contributed to the development of more se-
vere regurgitation directly after the procedure.
This led to an increased risk of severe AR at late
follow-up.

The results of studies on this issue are incon-
clusive. Tomita et al’® showed a higher rate of
AR progression during the long-term follow-up
in patients in whom an adequate PG reduction
had been achieved (41% of the patients) than in
those with an inadequate PG reduction (25% of
the patients). Porras et al”’ correlated immedi-
ate results after BAV and long-term outcomes.
They concluded that an attempt to achieve a low-
er gradient (<35 mm Hg) does not necessarily re-
sult in greater AR. This divergence from our ob-
servations may be related to the applied meth-
odology of standardized clinical assessment of
the BAV procedure, the significance of which
was emphasized by the authors.

The progressive dysfunction of the aortic
valve after BAV is invariably associated with
the potential need for cardiac surgery. The Ross
or Ross-Konno procedures were performed in
the study patients who required aortic valve
replacement. The Ross or Ross—Konno proce-
dures are considered the treatment of choice
in young patients owing to valve growth and
no need for anticoagulation. Other surgical op-
tions for those patients include mechanical or
bioprosthetic aortic valve replacement and ho-
mograft implantation.

In our study, surgical treatment for AR
was not required in 90%, 77%, and 59.5% of
the study patients after 5, 10, and 18 years fol-
lowing BAV, respectively. Maskatia et al® showed
that 70% and 61% of patients did not require car-
diac surgery 10 and 15 years after BAV. Aortic
valve surgery was not needed in 79% and 55%
of patients at 10 and 20 years after BAV, respec-
tively, in a study by Brown et al* and in 72% and
66% of patients, respectively, in a study by Sou-
latges et al.?®
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It is justified to analyze AR and the residual
LV-Ao PG at late follow-up in the context of AR
and PG measured directly after the procedure.
It is therefore relevant to identify risk factors,
particularly those modifiable by the operator,
which affect the function of the valve in a long-
-term perspective. Given the difficulty in achiev-
ing an optimal outcome, namely a significant
reduction of the gradient together with avoid-
ing AR, it needs to be determined what man-
agement is more beneficial: leaving the patient
with a higher residual gradient or with greater
regurgitation. In practical terms, the dilemma is
whether to attempt a more aggressive reduction
of the gradient at the expense of greater regur-
gitation or to leave a greater residual gradient.

Our analysis demonstrated that severe AR
and a residual PG less than 35 mm Hg at late
follow-up were stronger risk factors for aortic
valve surgery than moderate AR and a PG great-
er than 35 mm Hg.

Our results indicate that by avoiding severe
AR, even at the expense of leaving a residual PG
greater than 35 mm Hg, the patient may ben-
efit most in terms of delaying the surgical in-
tervention. The long-term objective of percuta-
neous treatment for AS is to delay the need for
cardiac surgery for as long as possible. In view
of this and given the results of our study, it may
be concluded that the aggressive reduction of
the LV-Ao PG should not be pursued.

Conclusions Percutaneous BAV is an effective
treatment method for AS in children of all age
groups, which delays the need for surgical treat-
ment. Aortic regurgitation is a consequence of
BAV, which shows progression at late follow-up.
A greater reduction in PG___is a risk factor for
at least moderate AR directly after BAV, which
results in the progression of AR at late follow-up
and the need to perform cardiac surgery sooner.
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